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Abstract 
In this paper a high-dynamic cutting machine equipped with a recently developed 2kW diode laser source is introduced. 
The beam profile and characteristics of the diode laser are compared with those of a typical 4kW CO2 and a 2kW fibre 
laser source. The electric energy consumption is measured for the three sources under identical cutting conditions. Several 
samples are presented, illustrating the practicality of direct diode lasers for high-quality sheet metal cutting at industrially 
relevant speeds. An optimization method has beenused to obtain well-optimized cutting parameters for a 1 mm thick 
stainless steel sheet. 
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1. Introduction 
Presently, low-power diode lasers are mostly used for pumping solid state lasers due to the better 
absorption of the narrowband wavelength compared with a pulsed lamp and thuslower heat generation in the 
laser crystals. Multi-kilowatt diode lasers are mainly used for welding, cladding, brazing and heat treatment 
applications[1]. Recent developments in the field of diode laser arrays have, however, made it possible to 
scale up the power of the source to the multi-kW level while conserving the brightness. This has created an 
opportunity to expand the field of applications for this technology [2]. With a still increasing laser quality, i.e. 
a lower beam parameter product (BPP), energy densities required to cut sheet metal with good quality at 
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reasonable speeds arenow achievable [3]. The announced wall-plug efficiency for these sources is higher with 
the claimed advantage of being nearly maintenance free [3, 4].  
The emergence of a new generation of laser sources, suitable for cutting applications, requires a thorough 
screening of their performance and the achievable process window for different materials and thicknesses.  
 
This paper presents the results of preliminary tests performed on a prototype direct diode laser cutting 
machine with special attention forthe achievable cutting speeds as a function of material thickness and with 
anacceptable cut quality as constraint. Results are presented in comparison with the performance achievable 
with traditional CO2 and fibre laser sources. Furthermore the energy efficiency of the diode laser source has 
been determined and is compared to the performance of the alternative sources. 
2. Experimental Setup Specifications 
2.1. Power measurements 
A Primes power meter was used to determine the beam power of both the diode and fibre laser sources 
before and after the cutting head to obtain an overall approximation for the absorption of the optics. The direct 
diode laser source used in this research consists of four diode modules with different wavelengths thatare 
controlled by two drives whichcan be selected individually. The results of the experiments are shown in Table 
1. 
Table 1. Power measurements tests at different stages for a nominal power of 2000W 
Power 
 Diode laser source 
Fibre laser source  Drive 1(940 
&980nm module) 
Drive 2 (808 & 
915nm module) Total 
Module output [W] 1483  1086* 2569 Not applicable 
After optical fibre [W] 1061 862 1923 2000 
Power loss in coupling units [%] 28.5 20.6 25.1 Not applicable 
After laser head [W] 986 756 1700 1970 
Power loss in the laser head [%] 7.1 12.3 11.6 1.5 
 
A power loss of 25% is observed when comparing the sum of the power of the four individual diode 
modules with the power measured after the optical fibre. This amount is lost mainly in the wavelength 
coupling unit and during the coupling out of the source in the optical fibre.This loss will have a direct impact 
on the efficiency of the source. The two beams with the longest wavelengths, which are controlled by Drive 1, 
are characterised by the highest losses in this stage. 
The power loss in the laser cutting head for the diode laser is almost 12%. This is much higher compared to 
the fibre laser for which the loss is only 1.5%.The difference is due to the coating of the optics used in the 
cutting head, (i.e. collimation and focusing lens) which isoptimized for the fibre laser wavelength. Since this 
laser system usesa new multi-wavelength technology, the optics optimized for diode laser cutting are not yet 
available in the market and the currently used optics are not well adjusted to the full range of the wavelengths 
 
 
This power is the sum of the outcome power of the individual modules and is not taking into consideration any wavelength coupling. 
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of the diode laser beam. The results show that the beams with the two shortest wavelengths, which are the 
furthest from fibre wavelength, dissipate more energy in the cutting head stage. 
 
2.2. Beam characteristics 
The focal spot size for a laser beam is dependent of the beam quality and the combination of optics used to 
collimate and focus the beam after leaving the optical fibre. The laser quality determinesthe relation between 
the beam waist and the divergence of the laser beam, and is quantified inthe beam parameter product factor 
(BPP). This value is fixed by the architecture of the source, but can be degraded after leaving the source due 
to problems in the optical path. A combination of a collimating lens and a focusing lens is usually used to 
adapt the geometry of the beam to a specific material/thickness combination. 
The three investigated laser sources were measured at full power with a Primes focus-analyser.  The beam 
characteristics and specifications for each of these sources are shown in Table 2. 
 
Table 2. Beam measurements with 2nd moment algorithm 
    Diode Fibre CO2 
Focusing lens [mm] 80 125 125 191 
Optical fibre [μm] 400 100 - 
Collimation lens [mm] 150 100 - 
Nominal maximum power [W] 2000 2000 4000 
Wavelength [μm] 0.926  1.06 10.6 
Spot radius [mm] 0.153 0.174 0.064 0.198 
M2  115.10 83.00 9.92 3.74 
BPP [mm mrad] 33.928 24.214 3.377 12.633 
 
For both diode laser configurations the spot radius is between the values found for the other two sources 
measured. A close look to the BPP shows that the two diode laser configurations have a different quality. This 
is mainly due to problems in the laser cutting head where the laser quality is degraded by a non-optimized 
coating in the optics and contamination in the collimating lens. Further optimization in this domain should 
lower this value up to the limit specifiedby the manufacturer i.e. around 22 mm mrad.  
2.3. Electric Power Consumption 
In addition to the beam characteristic analysis, electric power measurements, using the methods described 
in[5],have been performed for the three types of laser systems. Table 3shows the electric power consumed by 
different parts of the three laser cutting machines for an output power of 2kW (measured after the optical fibre 
for diode and fibre lasers and after the cutting head for the CO2 lasers). 
 
 
This wavelength is used to calculate M2and is obtained after weighting the wavelength of each module with the power debited by them. 
The wavelengths used are 810nm, 910nm, 942nm and 980nm debiting 333W, 753W, 731W and 752W respectively. 
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Table 3. Electrical input power requirement for a laser output power of 2kW 
  Diode Laser Fibre Laser CO2 Laser[6] 
Max. Capacity  2 kW 2 kW 2.5 kW 4 kW 
Laser Source [kW] 8.0  7.8 20.2 31.3 
Laser Source Efficiency [%] 25.0 26.7 9.9 /11.0c 6.4 /9.7c 
Laser Source + Cooling [kW] 9.7a /12.0b 10.7a / 13.0b 25.0 40.2 
Laser Source + Cooling Efficiency [%] 20.6a / 16.7b 18.7a / 15.4b 8.0 5.0 
Entire Machine Tool [kW] 12.1a /14.4b 15.1a / 17.4b 28.6 43.9 
Entire Machine Tool Efficiency [%] 16.5a / 13.9b 13.2a / 11.5b 7.0 4.6 
 a Only circulation pump of cooling device is active, b Circulation pump, compressor as well as ventilator active, c efficiency at full power 
 
As expected, the electric input power requirements of the diode and fibre laser machines are much lower 
compared to these of the CO2 laser cutters. This difference is mainly due to different working principles for 
the laser sources. The higher laser source efficiency for fibre and direct diode lasersis strongly dependent on 
the efficiency of the current diode laser technology. While the combined power of four diodes modules is 
used to create the beam in the diode laser source, single diode emitters are used to pump the doped fibre in the 
fibre laser machine. These components have an expected efficiency of more than 50% and future 
improvements will contribute to the efficiency of both sources. The relatively low efficiency of the diode laser 
source is caused by the internal cooling. As already discussed in the section on power measurements, the 
dissipated energy in the wavelength coupling unit and fibre coupling unitreduces the efficiency on the one 
hand due to the power loss and on the other hand due to the increase in the load of the internal cooling. 
Improvements in coupling techniques and in the materials used for theinternal optical components are 
expected to increase the efficiency of this prototype.  
 
3. Results and discussion 
Whenever a new laser source is developed or changes in optical configurations are applied for a laser 
cutting machine, well-optimized process parameter settings have to be identified. With several variables and 
with nonlinear relations between these parameters, this is a time consuming task for which the first results are 
reported in the next paragraphs.  
3.1. First cutting results 
To perform the first cuts with the diode laser prototype, the process parameter databases for CO2 and 
fibrelasers were used as a starting point. With a technique of changing one parameter at a time, several cuts 
were achieved for different material/thicknesses combinations. Fig. 1shows the cut resultsfor4mm thick mild 
steel and stainless steel sheets. 
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(a) (b) 
Fig. 1. (a) Direct diode laser cuts of 4mm mild steel at 5m/min; (b) 4 mm stainless steel at 1.5m/min 
The roughness of the two surfaces depicted in Figure 1 is clearly different. The mild steel cut shows a 
surface roughness that can be classified as a quality 0 (Stringent) in the ISO standards[7]with a cutting speed 
that is comparable to the ones achieved for CO2 and fibrelaser cuts with the same power. This low roughness 
is even more visible for thinner sheets. Fig. 2 shows a cut of a 2 mm mild steel sheetwith an Ra roughness of 
0.28μm,where the striations canonly be seen in enlarged pictures. Several authors have already explained and 
demonstrated a similar effect for fibre laser cuts, referred to asthe 
Ravalues of around 0.20μm[8, 9].   
 
 
Fig. 2. Close up of a 2 mm thick mild steel sheet cut with oxygen at 5m/min with an Ra of 0.28 μm 
The known higher absorption ofthe 1.07 μm wavelength in highly reflective materials comparedto the10.6 
μm wavelength can also be seen in the cutting results obtained with the direct diode laser. Compared to the 
results obtained with a normal CO2laser cutterwith the same power, thicker materials can be cut at 
considerable speeds. Fig.3 shows two 8 mm cuts of stainless steel and aluminium. 
Ra=0.98μm 
Rz=4.73μm 
Ra=4.14μm 
Rz=24.31μm 
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(a) (b) 
Fig.3. (a) Direct diode laser cuts of 8 mm stainless steel at 0.5m/min;.(b).aluminium at 0.3m/min 
3.2. Optimizing cutting parameters for a 1 mm stainless steel sheet 
The advantages of the application of optimization techniques in metal cutting processes are well known 
nowadays and several authors have been working onoptimization algorithms in this context [10]. The use 
ofthe response surface design methodology (RSM) with the help of specific software tools is a suitable 
approach in order to decrease the number of required iterations and to find an optimized set of cutting 
parameters. This method is part of design of experiments (DOE) and its use has recently been reported for 
laser cutting of metal sheets[11, 12].  
 
In the present example the cutting of 1 mm stainless steel was analysed. The factors and respective ranges 
used during the design can be seen in Table 4. As responses three parameters were used: a binary parameter 
which indicates achieving cut through, the dross attached, which is measured visually and classified between 
1 and 10, and the cutting speed. While the first parameter provides a constraint, the other two response 
parameters are being maximized with a higher importance for the cutting speed. 
Table 4. Factors used during the run of a design of experiments and optimum result for a 1 mm thick AISI 304 stainless steel sheet 
Factor Units Role Minimum Maximum Optimum 
Pressure [bar] Continuous 8 20 17.7 
Speed [mm/min] Continuous 9000 12000 11055 
Collimator position [mm] Continuous 1,5 2,4 2,4 
Stand of distance [mm] Continuous 0,5 1 0.75 
Nozzle diameter [mm] Discrete numeric 1 2 2 
 
With powers and interactions of the second order taken into account, the experimental data collectionwas 
completed after 26 runs. For the considered weights for the responses and after analysingthe cut samples, an 
optimal combination is found without dross.  
 
The speed achieved here for a 1 mm stainless steel is less than half of what is achieved with a fibre laser 
machine with the same power, though this cutting speed is higher than the speed used with a CO2 machine 
with the same power. In the beam characteristics section a relatively low brightness was found for the diode 
laser when compared to the fibre laser source. Along with the wavelength dependent laser absorption in 
metals, this is one of the factors with major influence when cutting thin sheets. For higher thicknesses this 
influence should decrease. As temperature increases in the cut zone, the cutting process can change from 
melting to ablation which is less efficient in thick materials. If the temperature rises above a certain limit 
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when cutting mild steel with oxygen, it is even possible that the oxidation reaction will not take place[13]. 
Another fact is that a small focus diameter results in narrow kerf widths which are known to be the cause of a 
poor gas flow in sections above 3mm and which will lead to poor quality and dross[14]. In some cases with 
small focus diameter it is even necessary to use a defocused beam, with the focal point above the sheet, in 
order to increase the size of the cutting kerf and thus improve the gas flow.  
 
The already discussed high absorption in the currently used laser cutting head optics for the diode laser 
system is expected to be the cause of a considerable focal point shift due to thermal lensing[15]. Also taking 
into account that improved optics with lower absorption will lead to better cutting parameters, it is obvious 
that these optimization tests will be repeated and extended to thicker materials when well-optimized optics 
become available.  
Conclusions 
The following remarks can be formulatedconcerning laser cutting with direct diode lasers. 
 
 Since the diode laser source works with a wavelength rangethat substantially deviates from thefibre 
laser wavelength,the same laser head optics should not be used. Well adapted optics should avoid the 
loss of beam power and drop of global efficiency. 
 The observed wall plug efficiency is much higher than the valuesfound for CO2 and similar to results 
obtained for fibre lasers. Since the direct diode laser technology is not as well-establishedas the fibre 
laser technology, further improvements in the optical fibre coupling and wavelength combining units 
are expected, resulting in higher electric efficiencies. 
 Although the beam quality is lower than thefibre laser output, the cutting results obtained for thicker 
materials (>3mm) can be as good as the ones found for fibre or CO2 laser cuts. High brightness can 
be detrimentalfor cutting thicker materials and a trade-off has to be made between cutting 
performance for different thickness ranges. 
 For thin mild steel sheets and in specific cutting conditions, high quality cutting surfaces are 
observed, comparable to the output of fibre laser systems. 
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